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Many of th^ggment polarity proteins of Drosophila and other invertebrates 
are closely related Invertebrate proteins, implying that th lecular mechanisms 
involved are ancient. Among the vertebrate proteins related to the fly genes are En- 
1 and -2, which act in vertebrate brain development and WNT-1, which is also 
5 involved in brain development, but was first found as the oncogene implicated in 
many cases of mouse breast cancer. In flies, the patched gene is transcribed into 
RNA in a complex and dynamic pattern in embryos, including fine transverse stripes 
in each body segment primordium. The encoded protein is predicted to contain 
many transmembrane domains. It has no significant similarity to any other known 
10 protein. Other proteins having large numbers of transmembrane domains include a 

variety of membrane receptors, channels through membranes and transporters 

o ~ 
through membranes. 

The hedgehog (HH) protein of flies has been shown to have at least three 
4j? vertebrate relatives: Sonic hedgehog (Shh); Indian hedgehog, and Desert hedgehog. 

g 

uj 15 The Shh is expressed in a group of cells at the posterior of each developing limb 
s " bud. This is exactly the same group of cells found to have an important role in 

P signaling polarity to the developing limb. The signal appears to be graded, with 

crib 

Q cells close to the posterior source of the signal forming posterior digits and other 

m 

q limb structures and cells farther from the signal source forming more anterior 

^ 20 structures. It has been known for many years that transplantation of the signaling 

cells, a region of the limb bud known as the "zone of polarizing activity (ZPA)" has 
dramatic effects on limb patterning. Implanting a second ZPA anterior to the limb 
bud causes a limb to develop with posterior features replacing the anterior ones (in 
essence little fingers instead of thumbs). Shh has been found to be the long sought 
25 ZPA signal. Cultured cells making Shh protein (SHH), when implanted into the 
anterior limb bud region, have the same effect as an implanted ZPA. This 
establishes that Shh is clearly a critical trigger of posterior limb development. 

The factor in the ZPA has been thought for some time to be related to 
another important developmental signal that polarizes the developing spinal cord. 
30 The notochord, a rod of mesoderm that runs along the dorsal side of early vertebrate 
embryos, is a signal source that polarizes the neural tube along the dorsal-ventral 
axis. The signal causes the part of the neural tube nearest to the notochord to form 



floor plate, a morpbjjogically distinct part of the neural tube^The floor plate, in 
turn, sends out signwto the more dorsal parts of the neuralHe to further 
determine cell fates. The ZPA was reported to have the same signaling effect as the 
notochord when transplanted to be adjacent to the neural tube, suggesting the ZPA 
5 makes the same signal as the notochord. In keeping with this view, Shh was found 
to be produced by notochord cells and floor plate cells. Tests of extra expression of 
Shh in mice led to the finding of extra expression of floor plate genes in cells which 
would not normally turn them on. Therefore Shh appears to be a component of the 
signal from notochord to floor plate and from floor plate to more dorsal parts of the 
10 neural tube. Besides limb and neural tubes, vertebrate hedgehog genes are also 
expressed in many other tissues including, but not hmited to the peripheral nervous 
system, brain, lung, liver, kidney, tooth primordia, genitalia, and hindgut and 
foregut endoderm. 

PTC has been proposed as a receptor for HH protein based on genetic 
15 experiments in flies. A model for the relationship is that PTC acts through a largely 
unknown pathway to inactivate both its own transcription and the transcription of the 
wingless segment polarity gene. This model proposes that HH protein, secreted 
from adjacent cells, binds to the PTC receptor, inactivates it, and thereby prevents 
PTC from turning off its own transcription or that of wingless. A number of 
20 experiments have shown coordinate events between PTC and HH. 
Relevant 1.itmtnn> 

Descriptions of patched, by itself or its role with hedgehog may be found in 
Hooper and Scott, Cell 59, 751-765 (1989); Nakano et al., Nature, 341, 508-513 
(1989) (both of which also describes the sequence for Drosophila patched) Simcox 

25 et al., Development 107, 715-722 (1989); Hidalgo and Ingham, Development, 1 10, 
291-301 (1990); Phillips et al., Development, 110, 105-114 (1990); Sampedro and 
Guerrero, Nature 353, 187-190 (1991); Ingham et al., Nature 353, 184-187 (1991); 
and Taylor et al., Mechanisms of Development 42, 89-96 (1993). Discussions of 
the role of hedgehog include Riddle et al., Cell 75, 1401-1416 (1993); Echelard et 

30 al., Cell 75, 1417-1430 (1993); Krauss et al., Cell 75, 1431-1444 (1993); Tabata 
and Kornberg, Cell 76, 89-102 (1994); Heemskerk & DiNardo, Cell 76, 449-460 
(1994); Relink et al., Cell 76, 761-775 (1994); and a short review article by 



Ingham, Current Bi^gy 4, 347-350 (1994). The sequencgjbr the Drosophila 5' 
non-coding region reported to the GenBank, accession^Pftber M28418, 
referred to in Hooper and Scott (1989), supra. See also, Forbes, et al., 
Development 1993 Supplement 115-124. 

SUMMARY OF THE INVENTION 
Methods for isolating patched genes, particularly mammalian patched genes, 
including the mouse and human patched genes, as well as invertebrate patched genes 
and sequences, are provided. The methods include identification of patched genes 
from other species, as well as members of the same family of proteins. The subject 
genes provide methods for producing the patched protein, where the genes and 
proteins may be used as probes for research, diagnosis, binding of hedgehog protein 
for its isolation and purification, gene therapy, as well as other utilities. 

BR IFF DRSCRTPTTON OF THF D RAWINGS 
Fig. 1 is a graph having a restriction map of about lOkbp of the 5 1 region 
upstream from the initiation codon of Drosophila patched gene and bar graphs of 
constructs of truncated portions of the 5' region joined to P-galactosidase, where the 
constructs are introduced into fly cell lines for the production of embryos. The 
expression of P-gal in the embryos is indicated in the right-hand table during early 
and late development of the embryo. The greater the number of + 's, the more 
intense the staining. 

DESCRIPTION OF THF SPECIFIC EMB ODIMENTS 
Methods are provided for identifying members of the patched (ptc) gene 
family from invertebrate and vertebrate, e.g. mammalian, species, as well as the 
entire cDNA sequence of the mouse and human patched gene. Also, sequences for 
invertebrate patched genes are provided. The patched gene encodes a 
transmembrane protein having a large number of transmembrane sequences. 

In identifying the mouse and human patched genes, primers were employed 
to move through the evolutionary tree from the known Drosophila ptc sequence. 
Two primers are employed from the Drosophila sequence with appropriate 



restriction enzyme 




to amplify portions of genomic 



of a related 



invertebrate, such as mosquito. The sequences are selected rrom regions which are 
not likely to diverge over evolutionary time and are of low degeneracy. 
Conveniently, the regions are the N-terminal proximal sequence, generally within 
5 the first l.Skb, usually within the first lkb, of the coding portion of the cDNA, 
conveniently in the first hydrophilic loop of the protein. Employing the polymerase 
chain reaction (PCR) with the primers, a band can be obtained from mosquito 
genomic DNA. The band may then be amplified and used in turn as a probe. One 
may use this probe to probe a cDNA library from an organism in a different branch 

10 of the evolutionary tree, such as a butterfly. By screening the library and 
identifying sequences which hybridize to the probe, a portion of the butterfly 
patched gene may be obtained. One or more of the resulting clones may then be 
used to rescreen the library to obtain an extended sequence, up to and including the 
entire coding region, as well as the non-coding 5'- and 3' -sequences. As 

15 appropriate, one may sequence all or a portion of the resulting cDNA coding 
sequence. 

One may then screen a genomic or cDNA library of a species higher in the 
evolutionary scale with appropriate probes from one or both of the prior sequences. 
Of particular interest is screening a genomic library, of a distantly related 

20 invertebrate, e.g. beetle, where one may use a combination of the sequences 
obtained from the previous two species, in this case, the Drosophila and the 
butterfly. By appropriate techniques, one may identify specific clones which bind to 
the probes, which may then be screened for cross hybridization with each of the 
probes individually. The resulting fragments may then be amplified, e.g. by 

25 subcloning. 

By having all or parts of the 4 different patched genes, in the presently 
illustrated example, Drosophila (fly), mosquito, butterfly and beetle, one can now 
compare the patched genes for conserved sequences. Cells from an appropriate 
mammalian limb bud or other cells expressing patched, such as notochord, neural 
30 tube, gut, lung buds, or other tissue, particularly fetal tissue, may be employed for 
screening. Alternatively, adult tissue which produces patched may be employed for 
screening. Based on the consensus sequence available from the 4 other species, one 



can develop probe^here at each site at least 2 of the sequo^es have the same 
nucleotide and whi^the site varies that each species has ^Bfque nucleotide, 
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inosine may be used, which binds to all 4 nucleotides. 

Either PCR may be employed using primers or, if desired, a genomic library 
5 from an appropriate source may be probed. With PCR, one may use a cDNA 

library or use reverse transcriptase-PCR (RT-PCR), where mRNA is available from 
the tissue. Usually, where fetal tissue is employed, one will employ tissue from the 
first or second trimester, preferably the latter half of the first trimester or the second 
trimester, depending upon the particular host. The age and source of tissue will 

10 depend to a significant degree on the ability to surgically isolate the tissue based on 
its size, the level of expression of patched in the cells of the tissue, the accessibility 
of the tissue, the number of cells expressing patched and the like. The amount of 
tissue available should be large enough so as to provide for a sufficient amount of 
mRNA to be usefully transcribed and amplified. With mouse tissue, limb bud of 

15 from about 10 to 15 dpc (days post conception) may be employed. 

In the primers, the complementary binding sequence will usually be at least 
14 nucleotides, preferably at least about 17 nucleotides and usually not more than 
about 30 nucleotides. The primers may also include a restriction enzyme sequence 
for isolation and cloning. With RT-PCR, the mRNA may be enriched in accordance 

20 with known ways, reverse transcribed, followed by amplification with the 

appropriate primers. (Procedures employed for molecular cloning may be found in 
Molecular Cloning: A Laboratory Manual, Sambrook et al., eds., Cold Spring 
Harbor Laboratories, Cold Spring Harbor, NY, 1988). Particularly, the primers may 
conveniently come from the N-terminal proximal sequence or other conserved 

25 region, such as those sequences where at least five amino acids are conserved out of 
eight amino acids in three of the four sequences. This is illustrated by the sequences 
(SEQ ID NO:ll) HTPLDCFWEG, (SEQ ID NO:12) LIVGG, and (SEQ ID NO: 13) 
PFFWEQY. Resulting PCR products of expected size are subcloned and may be 
sequenced if desired. 

30 The cloned PCR fragment may then be used as a probe to screen a cDNA 

library of mammalian tissue cells expressing patched, where hybridizing clones may 
be isolated under appropriate conditions of stringency. Again, the cDNA library 



should come fromj^^e which expresses peached, which tj^^ will come within the 
limitations previously described. Clones which hybridize may be subcloned and 
rescreened. The hybridizing subclones may then be isolated and sequenced or may 
be further analyzed by employing RNA blots and in situ hybridizations in whole and 

5 sectioned embryos. Conveniently, a fragment of from about 0.5 to lkbp of the N- 
terminal coding region may be employed for the Northern blot. 

The mammalian gene may be sequenced and as described above, conserved 
regions identified and used as primers for investigating other species. The N- 
terminal proximal region, the C-terminal region or an intermediate region may be 

10 employed for the sequences, where the sequences will be selected having minimum 
degeneracy and the desired level of conservation over the probe sequence. 

The DNA sequence encoding PTC may be cDNA or genomic DNA or 
fragment thereof, particularly complete exons from the genomic DNA, may be 
isolated as the sequence substantially free of wild-type sequence from the 

15 chromosome, may be a 50 kbp fragment or smaller fragment, may be joined to 

heterologous or foreign DNA, which may be a single nucleotide, oligonucleotide of 
up to 50 bp, which may be a restriction site or other identifying DNA for use as a 
primer, probe or the like, or a nucleic acid of greater than 50 bp, where the nucleic 
acid may be a portion of a cloning or expression vector, comprise the regulatory 

20 regions of an expression cassette, or the like. The DNA may be isolated, purified 
being substantially free of proteins and other nucleic acids, be in solution, or the 
like. 

The subject gene may be employed for producing all or portions of the 
patched protein. The subject gene or fragment thereof, generally a fragment of at 

25 least 12 bp, usually at least 18 bp, may be introduced into an appropriate vector for 
extrachromosomal maintenance or for integration into the host. Fragments will 
usually be immediately joined at the 5' and/or 3' terminus to a nucleotide or 
sequence not found in the natural or wild-type gene, -or joined to a label other than a 
nucleic acid sequence. For expression, an expression cassette may be employed, 

30 providing for a transcriptional and translational initiation region, which may be 
inducible or constitutive, the coding region under the transcriptional control of the 
transcriptional initiation region, and a transcriptional and translational termination 

7 



region. Various 




iptional 



initiation regions may be 




►yed 



which are 



functional in the expression host* The peptide may be expressed in prokaryotes or 
eukaryotes in accordance with conventional ways, depending upon the purpose for 
expression. For large production of the protein, a unicellular organism or cells of a 
higher organism, e.g. eukaryotes such as vertebrates, particularly mammals, may be 
used as the expression host, such as E. coli, B, subtilis, S. cerevisiae, and the like. 
In many situations, it may be desirable to express the patched gene in a mammalian 
host, whereby the patched gene will be transported to the cellular membrane for 
various studies. The protein has two parts which provide for a total of six 
transmembrane regions, with a total of six extracellular loops, three for each part. 
The character of the protein has similarity to a transporter protein. The protein has 
two conserved glycosylation signal triads. 

The subject nucleic acid sequences may be modified for a number of 
purposes, particularly where they will be used intracellularly, for example, by being 
joined to a nucleic acid cleaving agent, e.g. a chelated metal ion, such as iron or 
chromium for cleavage of the gene; as an antisense sequence; or the like. 
Modifications may include replacing oxygen of the phosphate esters with sulfur or 
nitrogen, replacing the phosphate with phosphoramide, etc. 

With the availability of the protein in large amounts by employing an 
expression host, the protein may be isolated and purified in accordance with 
conventional ways. A lysate may be prepared of the expression host and the lysate 
purified using HPLC, exclusion chromatography, gel electrophoresis, affinity 
chromatography, or other purification technique. The purified protein will generally 
be at least about 80% pure, preferably at least about 90% pure, and may be up to 
100% pure. By pure is intended free of other proteins, as well as cellular debris. 

The polypeptide may be used for the production of antibodies, where short 
fragments provide for antibodies specific for the particular polypeptide, whereas 
larger fragments or the entire gene allow for the production of antibodies over the 
surface of the polypeptide or protein, where the protein may be in its natural 
conformation. 

Antibodies may be prepared in accordance with conventional ways, where 
the expressed polypeptide or protein may be used as an immunogen, by itself or 



8 



conjugated to kno^J^nmunogenic carriers, e.g. KLH, pre^ppBsAg, other viral or 
eukaryotic proteins, or the like. Various adjuvants may be employed, with a series 
of injections, as appropriate. For monoclonal antibodies, after one or more booster 
injections, the spleen may be isolated, the splenocytes immortalized, and then 
5 screened for high affinity antibody binding. The immortalized cells, e.g. 

hybridomas, producing the desired antibodies may then be expanded. For further 
description, see Monoclonal Antibodies: A Laboratory Manual, Harlow and Lane 
eds., Cold Spring Harbor Laboratories, Cold Spring Harbor, New York, 1988. If 
desired, the mRNA encoding the heavy and light chains may be isolated and 
10 mutigenized by cloning in E. coli, and the heavy and light chains may be mixed to 
% further enhance the affinity of the antibody. The antibodies may find use in 

/2 diagnostic assays for detection of the presence of the PTC protein on the surface of 

jp cells or to inhibit the transduction of signal by the PTC protein ligand by competing 

hj for the binding site. 

[ v 15 The mouse patched gene (SEQ ID NO:09) encodes a protein (SEQ ID 

□ NO: 10) which has about 38% identical amino acids to fly PTC (SEQ ID NO: 6) over 

□ about 1,200 amino acids. This amount of conservation is dispersed through much 
of the protein excepting the C-terminal region. The mouse protein also has a 50 
amino acid insert relative to the fly protein. The human patched gene (SEQ ID 

20 NO: 18) contains an open reading fram of about 1450 amino acids (SEQ ID NO: 19) 
that is about 96% identical (98 % similar) to mouse pre (SEQ ID NO:09). The 
human patched gene (SEQ ID NO: 18), including coding and non-coding sequences, 
is about 89% identical to the mouse patched gene (SEQ ID NO:09). 

The butterfly PTC homolog (SEQ ID NO:4) is 1,300 amino acids long and 
25 overall has a 50% amino acid identity (72% similarity) to fly PTC (SEQ ID NO:6). 
With the exception of a divergent C-terminus, this homology is evenly spread across 
the coding sequence. A 267bp exon from the beetle patched gene encodes an 89 
amino acid protein fragment which was found to be 44 % and 5 1 % identical to the 
corresponding regions of fly and butterfly PTC respectively. 
30 The mouse ptc message is about 8 kb long and the message is present in low 

levels as early as 7 dpc, the abundancy increasing by 1 1 and 15 dpc. Northern blot 
indicates a clear decrease in the amount of message at 17 dpc. In the adult, PTC 
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RNA is present in |M amounts in the brain and lung, as w^fcas in moderate 
amounts in the kidSyand liver. Weak signals are detected llraeart, spleen, skeletal 
muscle and testes. 

In mouse embryos, ptc mRNA is present at 7 dpc, using in situ 

5 hybridization, ptc is present at high levels along the neural axis of 8.5 dpc embryos. 
By 1 1.5 dpc, ptc can be detected in developing lung buds and gut, consistent with its 
Northern profile. In addition, the gene is present at high levels in the ventricular 
zone of the central nervous system as well as in the zona limitans of the 
prosencephalon, ptc is also strongly transcribed in the perichondrium condensing 

10 cartilage of 1 1 .5 and 13.5 dpc limb buds, as well as in the ventral portion of the 
somites, a region which is prospective sclerotome and eventually forms bone in the 
vertebral column. PTC is present in a wide range of tissues from endodermal, 
mesodermal, as well as ectodermal origin, evidencing the fundamental role in many 
aspects of embryonic development, including the condensation of cartilage, the 

15 patterning of limbs, the differentiation of lung tissue, and the generation of neurons. 
The patched nucleic acid may be used for isolating the gene from various 
mammalian sources of interest, particularly primate, more particularly human, or 
from domestic animals, both pet and farm, e.g. lagomorpha, rodentiae, porcine, 
bovine, feline, canine, ovine, equine, etc. By using probes, particularly labeled 

20 probes of DNA sequences, of the patched gene, one may be able to isolate mRNA 
or genomic DNA, which may be then used for identifying mutations, particularly 
associated with genetic diseases, such as spina bifida, limb defects, lung defects, 
problems with tooth development, liver and kidney development, peripheral nervous 
system development, and other sites where a patched gene is involved in regulation. 

25 The subject probes can also be used for identifying the level of expression in cells 
associated with the testis to determine the relationship with the level of expression 
and sperm production. 

The gene or fragments thereof may be used as probes for identifying the 5' 
non-coding region comprising the transcriptional initiation region, particularly the 

30 enhancer regulating the transcription of patched. By probing a genomic library, 
particularly with a probe comprising the 5' coding region, one can obtain fragments 
comprising the 5* non-coding region. If necessary, one may walk the fragment to 

10 



obtain further 5 



tnce to ensure that one has at least a. 




:tional portion of the 



enhancer. It is found that the enhancer is proximal to the ^coding region, a 
portion being in the transcribed sequence and downstream from the promoter 
sequences. The transcriptional initiation region may be used for many purposes, 
studying embryonic development, providing for regulated expression of patched 
protein or other protein of interest during embryonic development or thereafter, and 
in gene therapy. 

The gene may also be used for gene therapy, by transfection of the normal 
gene into embryonic stem cells or into mature cells. A wide variety of viral vectors 
can be employed for transfection and stable integration of the gene into the genome 
of the cells. Alternatively, micro-injection may be employed, fusion, or the like for 
introduction of genes into a suitable host cell. See, for example, Dhawan et al , 
Science 254, 1509-1512 (1991) and Smith et aL, Molecular and Cellular Biology 
(1990) 3268-3271. 

By providing for the production of large amounts of PTC protein, one can 
use the protein for identifying ligands which bind to the PTC protein. Particularly, 
one may produce the protein in cells and employ the polysomes in columns for 
isolating ligands for the PTC protein. One may incorporate the PTC protein into 
liposomes by combining the protein with appropriate lipid surfactants, e.g. 
phospholipids, cholesterol, etc., and sonicate the mixture of the PTC protein and the 
surfactants in an aqueous medium. With one or more established ligands, e.g. 
hedgehog, one may use the PTC protein to screen for antagonists which inhibit the 
binding of the ligand. In this way, drugs may be identified which can prevent the 
transduction of signals by the PTC protein in normal or abnormal cells. 

The PTC protein, particularly binding fragments thereof, the gene encoding 
the protein, or fragments thereof, particularly fragments of at least about 18 
nucleotides, frequently of at least about 30 nucleotides and up to the entire gene, 
more particularly sequences associated with the hydrophilic loops, may be employed 
in a wide variety of assays. In these situations, the particular molecules will 
normally be joined to another molecule, serving as a label, where the label can 
directly or indirectly provide a detectable signal. Various labels include 
radioisotopes, fluorescers, chemiluminescers, enzymes, specific binding molecules, 
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particles, e.g. ma ^^ c particles, and the like. Specific b^^g molecules include 
pairs, such as biotin and streptavidin, digoxin and antidigoxin etc. For the specific 
binding members, the complementary member would normally be labeled with a 
molecule which provides for detection, in accordance with known procedures. The 
5 assays may be used for detecting the presence of molecules which bind to the 

patched gene or PTC protein, in isolating molecules which bind to the patched gene, 
for measuring the amount of patched, either as the protein or the message, for 
identifying molecules which may serve as agonists or antagonists, or the like. 

Various formats may be used in the assays. For example, mammalian or 

10 invertebrate cells may be designed where the cells respond when an agonist binds to 
PTC in the membrane of the cell. An expression cassette may be introduced into 
the cell, where the transcriptional initiation region of patched is joined to a marker 
gene, such as P-galactosidase, for which a substrate forming a blue dye is available. 
A 1.5kb fragment that responds to PTC signaling has been identified and shown to 

15 regulate expression of a heterologous gene during embryonic development. When 
an agonist binds to the PTC protein, the cell will turn blue. By employing a 
competition between an agonist and a compound of interest, absence of blue color 
formation will indicate the presence of an antagonist. These assays are well known 
in the literature. Instead of cells, one may use the protein in a membrane 

20 environment and determine binding affinities of compounds. The PTC may be 
bound to a surface and a labeled ligand for PTC employed. A number of labels 
have been indicated previously. The candidate compound is added with the labeled 
ligand in an appropriate buffered medium to the surface bound PTC. After an 
incubation to ensure that binding has occurred, the surface may be washed free of 

25 any non-specifically bound components of the assay medium, particularly any non- 
specifically bound labeled ligand, and any label bound to the surface determined. 
Where the label is an enzyme, substrate producing a detectable product may be used. 
The label may be detected and measured. By using standards, the binding affinity of 
the candidate compound may be determined. 

30 The availability of the gene and the protein allows for investigation of the 

development of the fetus and the role patched and other molecules play in such 
development. By employing antisense sequences of the patched gene, where the 
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sequences may be jttxxluced in cells in culture, or a vecta 
transcription of th^mti sense of the patched gene introduce 




oviding for 
to the cells, one can 
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investigate the role the PTC protein plays in the cellular development. By providing 
for the PTC protein or fragment thereof in a soluble form which can compete with 
the normal cellular PTC protein for ligand, one can inhibit the binding of ligands to 
the cellular PTC protein to see the effect of variation in concentration of ligands for 
the PTC protein on the cellular development of the host. Antibodies against PTC 
can also be used to block function, since PTC is exposed on the cell surface. 

The subject gene may also be used for preparing transgenic laboratory 
animals, which may serve to investigate embryonic development and the role the 
PTC protein plays in such development. By providing for variation in the 
expression of the PTC protein, employing different transcriptional initiation regions 
which may be constitutive or inducible, one can determine the developmental effect 
of the differences in PTC protein levels. Alternatively, one can use the DNA to 
knock out the PTC protein in embryonic stem cells, so as to produce hosts with only 
a single functional patched gene or where the host lacks a functional patched gene. 
By employing homologous recombination, one can introduce a patched gene, which 
is differentially regulated, for example, is expressed to the development of the fetus, 
but not in the adult. One may also provide for expression of the patched gene in 
cells or tissues where it is not normally expressed or at abnormal times of 
development. One may provide for mis-expression or failure of expression in 
certain tissue to mimic a human disease. Thus, mouse models of spina bifida or 
abnormal motor neuron differentiation in the developing spinal cord are made 
available. In addition, by providing expression of PTC protein in cells in which it is 
otherwise not normally produced, one can induce changes in cell behavior upon 
binding of ligand to the PTC protein. 

Areas of investigation may include the development of cancer treatments. 
The wingless gene, whose transcription is regulated in flies by PTC, is closely 
related to a mammalian oncogene, Wnt-] , a key factor in many cases of mouse 
breast cancer. Other Wnt family members, which are secreted signaling proteins, 
are implicated in many aspects of development. In flies, the signaling factor 
decapentaplegic, a member of the TGF-beta family of signaling proteins, known to 
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affect growth and de^jgpment in mammals, is also controlled^ PTC. Since 
members of both the^^F-beta and Wnt families are express^R mice in places 



close to overlapping with patched, the common regulation provides an opportunity 
in treating cancer. Also, for repair and regeneration, proliferation competent cells 
5 making PTC protein can find use to promote regeneration and healing for damaged 
tissue, which tissue may be regenerated by transfecting cells of damaged tissue with 
the ptc gene and its normal transcription initiation region or a modified transcription 
initiation region. For example, PTC may be useful to stimulate growth of new teeth 
by engineering cells of the gums or other tissues where PTC protein was during an 
10 earlier developmental stage or is expressed. 
Q Since Northern blot analysis indicates that ptc is present at high levels in 

S| adult lung tissue, the regulation of ptc expression or binding to its natural ligand 

tfi 

jg* may serve to inhibit proliferation of cancerous lung cells. The availability of the 

JH! gene encoding PTC and the expression of the gene allows for the development of 

PJ 15 agonists and antagonists. In addition, PTC is central to the ability of neurons to 
a differentiate early in development. The availability of the gene allows for the 

E introduction of PTC into host diseased tissue, stimulating the fetal program of 

W division and/or differentiation. This could be done in conjunction with other genes 

j=* which provide for the ligands which regulate PTC activity or by providing for 

20 agonists other than the natural ligand. 

The availability of the coding region for various ptc genes from various 
species, allows for the isolation of the 5* non-coding region comprising the promoter 
and enhancer associated with the ptc genes, so as to provide transcriptional and post- 
transcriptional regulation of the ptc gene or other genes, which allow for regulation 
25 of genes in relation to the regulation of the ptc gene. Since the ptc gene is 

autoregulated, activation of the ptc gene will result in activation of transcription of a 
gene under the transcriptional control of the transcriptional initiation region of the 
ptc gene. The transcriptional initiation region may be obtained from any host 
species and introduced into a heterologous host species, where such initiation region 
30 is functional to the desired degree in the foreign host. For example, a fragment of 
from about 1.5 kb upstream from the initiation codon, up to about lOkb, preferably 
up to about 5 kb may be used to provide for transcriptional initiation regulated by 
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the PTC protein, rajkularly the Drosoptula S'-non-codingj^ion (GenBank 
accession no. M28^re). 



The following examples are offered by illustration not by way of limitation. 
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Methods and Materials 

I. PCR on Mosquito (Anopheles gambiaA Genomic DNA: 

PCR primers were based on amino acid stretches of fly PTC that were not 
10 likely to diverge over evolutionary time and were of low degeneracy. Two such 
primers (P2R1 (SEQ ED NO: 14): fiQACGAATICAARGTNCAYCARYTNTGG, 
P4R1: (SEQ ID NO: 15) flfiACfiAATTC CYTCCCARAARCANTC T (the 
underlined sequences are Eco RI linkers) amplified an appropriately sized band from 
mosquito genomic DNA using the PCR. The program conditions were as follows: 
15 94 °C 4 min.; 72 °C Add Taq; 

[49 °C 30 sec.; 72 °C 90 sec.; 94 °C 15 sec] 3 times 
[94 °C 15 sec.; 50 °C 30 sec.; 72 °C 90 sec] 35 times 
72 °C 10 min; 4 °C hold 
This band was subcloned into the EcoRV site of pBluescript II and sequenced using 
20 the USB Sequence kit. 



IL Screen of a Butterfly cDNA Library with Mosquito PCR Product 

Using the mosquito PCR product (SEQ ID NO: 7) as a probe, a 3 day 
embryonic Precis coenia AgtlO cDNA library (generously provided by Sean 

25 Carroll) was screened. Filters were hybridized at 65 °C overnight in a solution 
containing 5xSSC, 10% dextran sulfate, 5x Denhardt's, 200 fig/ml sonicated 
salmon sperm DNA, and 0.5% SDS. Filters were washed in 0.1X SSC, 0.1% SDS 
at room temperature several times to remove nonspecific hybridization. Of the 
100,000 plaques initially screened, 2 overlapping clones, LI and L2, were isolated, 

30 which corresponded to the N terminus of butterfly PTC. Using L2 as a probe, the 
library filters were rescreened and 3 additional clones (L5, L7, L8) were isolated 
which encompassed the remainder of the ptc coding sequence. The full length 
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sequence of butter^^^c (SEQ ED NO: 3) was determined t^^^pi automated 
sequencing. 



m. Screen of a Triholium fheetto Genomic Library with Mosquito PCR Pmrinr.r 
5 and 900 hp Fragment from the Butterfly Clone 

A Agemll genomic library from Tribolium casteneum (gift of Rob Dennell) 
was probed with a mixture of the mosquito PCR (SEQ ED NO: 7) product and 
BstXI/EcoRI fragment of L2. Filters were hybridized at 55 °C overnight and 
washed as above. Of the 75,000 plaques screened, 14 clones were identified and the 
10 Sad fragment of T8 (SEQ ID NO: 1), which crosshybridized with the mosquito and 
butterfly probes, was subcloned into pBluescript. 

IV. PCR on Mouse cDNA Using Degenerate Primers Derived from Regions 
Conserved in the Four Insect Homologues 

15 Two degenerate PCR primers (P4REV: (SEQ ID NO: 16) 

GGACGAATTC YTNGANTGYTTYTGGGA; P22: (SEQ ID NO: 17) 
CATACCAGCCAAGCTTGT CIGGCCARTGCAT) were designed based on a 
comparison of PTC amino acid sequences from fly (Drosophila melanogaster) (SEQ 
ED NO:6), mosquito {Anopheles gambiae)(SEQ ID NO:8), butterfly (Precis 

20 coenia)(SEQ ID NO:4), and beetle (Tribolium casteneum)(SEQ ID NO:2). I 

represents inosine, which can form base pairs with all four nucleotides. P22 was 
used to reverse transcribe RNA from 12.5 dpc mouse limb bud (gift from David 
Kingsley) for 90 min at 37 °C. PCR using P4REV(SEQ ID NO: 17) and P22(SEQ 
ID NO: 18) was then performed on 1 fil of the resultant cDNA under the following 

25 conditions: 

94 °C 4 min.; 72 °C Add Taq; 

[94 °C 15 sec.; 50 °C 30 sec.; 72 °C 90 sec.] 35 times 

72 °C 10 min.; 4 °C hold 
PCR products of the expected size were subcloned into the TA vector (Invitrogen) 
30 and sequenced with the Sequenase Version 2.0 DNA Sequencing Kit (U.S.B.). 

Using the cloned mouse PCR fragment as a probe, 300,000 plaques of a 
mouse 8,5 dpc AgtlO cDNA library (a gift from Brigid Hogan) were screened at 
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65 °C as above and^Mied in 2x SSC, 0. 1 % SDS at room ^rerature. 7 clones 
were isolated, and three (M2 M4, and M8) were subcloned imo pBIuescript n. 
200,000 plaques of this library were rescreened using first, a 1.1 kb EcoRI fragment 
from M2 to identify 6 clones (M9-M16) and secondly a mixed probe containing the 
5 most N terminal (Xhol fragment from M2) and most C terminal sequences 

(BamHI/Bglll fragment from M9) to isolate 5 clones (M17-M21). M9, M10, M14, 
and M17-21 were subcloned into the EcoRI site of pBIuescript H (Strategene). 

V. RNA Blots and in situ Hy bridizations in Whole and Sectioned Mouse Embrvos 
10 Northerns: 

A mouse embryonic Northern blot and an adult multiple tissue Northern blot 
(obtained from Clontech) were probed with a 900 bp EcoRI fragment from an N 
terminal coding region of mouse ptc. Hybridization was performed at 65 °C in 5x 
SSPE, lOx Denhardt's, 100 fig/ml sonicated salmon sperm DNA, and 2% SDS. 
l= W 15 After several short room temperature washes in 2x SSC, 0.05% SDS, the blots were 

O washed at high stringency in 0. IX SSC, 0. 1 % SDS at 50C. 

n In situ hybridization of sections: 

y 7.75, 8.5, 11.5, and 13.5 dpc mouse embryos were dissected in PBS and 

M« frozen in Tissue-Tek medium at -80 °C. 12-16 frozen sections were cut, 

20 collected onto VectaBond (Vector Laboratories) coated slides, and dried for 30-60 
minutes at room temperature. After a 10 minute fixation in 4% paraformaldehyde in 
PBS, the slides were washed 3 times for 3 minutes in PBS, acetylated for 10 minutes 
in 0.25% acetic anhydride in triethanolamine, and washed three more times for 5 
minutes in PBS. Prehybridization (50% formamide, 5X SSC, 250 /xg/ml yeast 

25 tRNA, 500 /xg/ml sonicated salmon sperm DNA, and 5x Denhardt's) was carried 
out for 6 hours at room temperature in 50% formamide/5x SSC humidified 
chambers. The probe, which consisted of 1 kb from the N-terminus of pec, was 
added at a concentration of 200-1000 ng/ml into the same solution used for 
prehybridization, and then denatured for five minutes at 80 °C. Approximately 75 

30 id of probe were added to each slide and covered with Parafilm. The slides were 
incubated overnight at 65 °C in the same humidified chamber used previously. The 
following day, the probe was washed successively in 5X SSC (5 minutes, 65 °C), 
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five minutes in buffer Bl (0.1M maleic acid, 0,15 M NaCl/pH 7.5), the slides were 
blocked for 1 hour at room temperature in 1 % blocking reagent (Boerhinger- 
Mannheim) in buffer Bl, and then incubated for 4 hours in buffer Bl containing the 
DIG-AP conjugated antibody (Boerhinger-Mannheim) at a 1:5000 dilution. Excess 
antibody was removed during two 15 minute washes in buffer Bl, followed by five 
minutes in buffer B3 (100 mM Tris, lOOmM NaCl, 5mM MgCl 2 , pH 9.5). The 
antibody was detected by adding an alkaline phosphatase substrate (350 fil 75 mg/ml 
X-phosphate in DMF, 450 /il 50 mg/ml NBT in 70% DMF in 100 mis of buffer B3) 
and allowing the reaction to proceed over-night in the dark. After a brief rinse in 10 
mM Tris, ImM EDTA, pH 8,0, the slides were mounted with Aquamount (Lemer 
Laboratories). 

VI. Drosophila ^-transcrip tional initiation region B-gal constructs. 

A series of constructs were designed that link different regions of the ptc 
promoter from Drosophila to a LacZ reporter gene in order to study the cis 
regulation of the ptc expression pattern. See Fig. 1. A 10.8kb BamHI/BspMl 
fragment comprising the S'-non-coding region of the mRNA at its 3 f -terminus was 
obtained and truncated by restriction enzyme digestion as shown in Fig. 1. These 
expression cassettes were introduced into Drosophila lines using a P-element vector 
(Thummel et al., Gene 74, 445-456 (1988), which were injected into embryos, 
providing flies which could be grown to produce embryos. (See Spradling and 
Rubin, Science (1982) 218, 341-347 for a description of the procedure.) The vector 
used a pUC8 background into which was introduced the white gene to provide for 
yellow eyes, portions of the P-element for integrtion, and the constructs were 
inserted into a polylinker upstream from the LacZ gene. The resulting embryos 
were stained using antibodies to LacZ protein conjugated to HRP and the embryos 
developed with OPD dye to identify the expression of the LacZ gene. The staining 
pattern is described in Fig. 1, indicating whether there was staining during the early 
and late development of the embryo. 

VII. Isolation of a Mouse ptc Gene 
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Homologues < 
mosquito, butterfly 




/ PTC (SEQ ED NO: 6) were isolai 
beetle, using either PCR or low si 




>m three insects: 



icy library screens. 



PCR primers to six amino acid stretches of PTC of low mutatability and degeneracy 
were designed. One primer pair, P2 and P4, amplified an homologous fragment of 
ptc from mosquito genomic DNA that corresponded to the first hydrophilic loop of 
the protein. The 345bp PCR product (SEQ ID NO:7) was subcloned and sequenced 
and when aligned to fly PTC, showed 67% amino acid identity. 

The cloned mosquito fragment was used to screen a butterfly AGT 10 cDNA 
library. Of 100,000 plaques screened, five overlapping clones were isolated and 
used to obtain the full length coding sequence. The butterfly PTC homologue (SEQ 
ID NO:4) is 1,311 amino acids long and overall has 50% amino acid identity (72% 
similarity) to fly PTC. With the exception of a divergent C-terminus, this homology 
is evenly spread across the coding sequence. The mosquito PCR clone (SEQ ID 
NO: 7) and a corresponding fragment of butterfly cDNA were used to screen a beetle 
Agemll genomic library. Of the plaques screened, 14 clones were identified. A 
fragment of one clone (T8), which hybridized with the original probes, was 
subcloned and sequenced. This 3kb piece contains an 89 amino acid exon (SEQ ID 
NO:2) which is 44% and 51 % identical to the corresponding regions of fly and 
butterfly PTC respectively. 

Using an alignment of the four insect homologues in the first hydrophilic loop 
of the PTC, two PCR primers were designed to a five and six amino acid stretch 
which were identical and of low degeneracy. These primers were used to isolate the 
mouse homologue using RT-PCR on embryonic limb bud RNA. An appropriately 
sized band was amplified and upon cloning and sequencing, it was found to encode a 
protein 65% identical to fly PTC. Using the cloned PCR product and subsequently, 
fragments of mouse ptc cDNA, a mouse embryonic AcDNA library was screened. 
From about 300,000 plaques, 17 clones were identified and of these, 7 form 



overlapping cDNA's which comprise most of the protein-coding sequence (SEQ ID 
NO:9) . 



Vila. 



Developmental and Tissue Distribution of Mouse PTC RNA 
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In both the ^^yonic and adult Northern blots, the o^orobe detects a single 
8kb message. Funrer exposure does not reveal any additio^n minor bands. 
Developmentally, ptc mRNA is present in low levels as early as 7 dpc and becomes 
quite abundant by 1 1 and 15 dpc. While the gene is still present at 17 dpc, the 
5 Northern blot indicates a clear decrease in the amount of message at this stage. In 
the adult, ptc RNA is present in high amounts in the brain and lung, as well as in 
moderate amounts in the kidney and liver. Weak signals are detected in heart, 
spleen, skeletal muscle, and testes. 

10 Vllb. In situ Hybridization of Mmifie PTC in Whole and Section Embryos 

Northern analysis indicates that ptc mRNA is present at 7 dpc, while there is 
no detectable signal in sections from 7.75 dpc embryos. This discrepancy is 
explained by the low level of transcription. In contrast, ptc is present at high levels 
along the neural axis of 8.5 dpc embryos. By 11.5 dpc, ptc can be detected in the 

15 developing lung buds and gut, consistent with its adult Northern profile. In 
addition, the gene is present at high levels in the ventricular zone of the central 
nervous system, as well as in the zona limitans of the prosencephalon, ptc is also 
strongly transcribed in the condensing cartilage of 11.5 and 13.5 dpc limb buds, as 
well as in the ventral portion of the somites, a region which is prospective 

20 sclerotome and eventually forms bone in the vertebral column, ptc is present in a 
wide range of tissues from endodermal, mesodermal and ectodermal origin 
supporting its fundamental role in embryonic development. 

VIH. Isolation of the. Human ptc Gene 

25 To isolate human ptc (hptc), 2 x 10 5 plaques from a human lung cDNA library 

(HL3022a, Clonetech) were screened with a Ikbp mouse ptc fragment, M2-2. 
Filters were hybridized overnight at reduced stringency (60 °C in 5X SSC, 10% 
dextran sulfate, 5X Denhardt's, 0.2 mg/ml sonicated salmon sperm DNA, and 0.5% 
SDS). Two positive plaques (HI and H2) were isolated, the inserts cloned into 

30 pBluescript, and upon sequencing, both contained sequence highly similar to the 
mouse ptc homolog. To isolate the 5* end, an additional 6 x 10 s plaques were 
screened in duplicate with M2-3 EcoR I and M2-3 Xho I (containing 5' untranslated 
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sequence of mous^^j) probes. Ten plaques were purifie^^^J of these, 6 inserts 
were subloned into pBluescript. To obtain the full coding sequence, H2 was fully 
and H14, H20, and H21 were partially sequenced. The 5. lkbp of human ptc 
sequence (SEQ ID NO: 18) contains an open reading frame of 1447 amino acids 
5 (SEQ ID NO: 19) that is 96% identical and 98% similar to mouse ptc. The 5' and 3 1 
untranslated sequences of human ptc (SEQ ID NO: 18) are also highly similar to 
mouse ptc (SEQ ID NO:09) suggesting conserved regulatory sequence. 

IX. Comparison of Mouse. Human. Flv and Butterfly Sequences 
10 The deduced mouse PTC protein sequence (SEQ ID NO: 10) has about 38 % 
identical amino acids to fly PTC over about 1,200 amino acids. This amount of 
conservation is dispersed through much of the protein excepting the C-terminal 
p region. The mouse protein also has a 50 amino acid insert relative to the fly 

yj protein. Based on the sequence conservation of PTC and the functional conservation 

^ 15 of hedgehog between fly and mouse, one concludes that ptc functions similarly in 

the two organisms. A comparison of the amino acid sequences of mouse (mptc) 
(SEQ ID NO: 10), human (hptc) (SEQ ID NO: 19), butterfly (bptc)(SEQ ID NO:4) 
and drosophila (ptc) (SEQ ID NO:6) is shown in Table 1. 

TABLE 1 



5 5 
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alignment of human, mouse, fly, and butterfly PTC homologs 

alignment of human, mouse, fly, and butterfly ptc homologs 

HPTC MAS AGNAAE PQ DR — GGGGSGCIGAPGRPAGGGRRRRTGGLRRAAAPDRDYLHRPSYCDA 

MPTC MASAGNAA GALGRQAGGGRRRRTGGPHRA-APDRDYLHRPS YCDA 

PTC M DRDSLPRVPDTHGD — WDE KLFSDL -YI-RTSWVDA 

BPTC MVAPDSEAPSNPRITAAHESPCATEA RHSADL YI-RTSWVDA 



HPTC AFALEQISKGKATGRKAPLWLRAKFQRLLFKLGCYIQKNCGKFLWGLLIFGAFAVGLKA 
MPTC AFALEQISKGKATGRKAPLWLRAKFQRLLFKLGCYIQKNCGKFLWGLLIFGAFAVGLKA 
PTC QVALDQI DKGKARGS RTAI YLRSVFQS HLETLGSS VQKHAGKVLFVAI LVLST FCVGLKS 

35 BPTC ALALSELEKGNIEGGRTSLWIRAWLQEQLFILGCFLQGDAGKVLFVAI LVLST FCVGLKS 

* * * * * * . . * * * * .*.****..*....*****. 

HPTC ANLEThTV^ELWVEVGGRVSREI^YTRQKIGEEAMFNPQIJ^IQTPKEEGANVLTTEAiLQH 
MPTC ANLEThTV^ELWVEVGGRVSREIJ^rYTRQKIGEEAMFNPQLMIQTPKEEGANVLTTEALLQH 
40 PTC AQIHSKVHQLWIQEGGRLEAELAYTQKTIGEDESATHQLLIQTTHDPNASVLHPQALLAH 
BPTC AQI HTRVDQLWVQE GGR LEAELKYTAQALGEADS STHQLVI QTAKDPDVS LLHPGALLE H 

* * ** . . ** ** M * * ^ * *** ★ 

HPTC LDSALQASRVHVYMYNRQWKLEHLCYKSGELITET-GYMDQIIEYLYPCLIITPLDCFWE 
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MPTC 

PTC 

BPTC 



"ldsm^^s rvhvymynrqwklehlc yks ge l i tet - 
iievi^^tavkvhlydtewglrdmcnmpstps feci 
lkvt^HTtrvtvhmydiewrlkdlcyspsipdfegy 



GJ^Q 



IIEYLYPCLIITPLDCFWE 
I LRHLI PCS 1 1 T PLDC FWE 
r S 1 1 DNVI PCAI I T PLBC FWE 
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HPTC 
MPTC 
PTC 
BPTC 



GAKLQSGTAYLLGKPPLR WTN FDPLE FLE E LK KINYQVDSWEEMLNKAEV 

GAKLQSGTAYLLGKPPLR WTNFDPLEFLEELK KINYQVDSWEEMLNKAEV 

GSQLL-GPESAWI PGLNQRLLWTTLNFASVMQYMKQKMSEEKISFDFETVTIQYMKRAAI 
GSKLL-GPDYPIYVPHLKHKLQWTHLNPLEVVEEVK-KL KFQFPLSTIEAYMKRAGI 



** * 
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HPTC 
MPTC 
PTC 
BPTC 



GHGYMDRPCI^PADPDCPATAPNKNSTKPIJ>MALVI^GGCHGLSRKYMHWQEELIVGGTV 
GHGYMDRPCLNPADPDCPATAPNKNSTKPLDVALVLNGGCQGLSRKYMHWQEELIVGGTV 
GSGYMEKPCIJ*PLNPNCPDTAPNKNSTQPPDVGAILSGGCYGYAAKHMHWPEELIVGGRK 
TSAYMKKPCLDPTDPHCPATAPNKKSGHIPDVAAELSHGCYGFAAAYMHWPEQLIVGGAT 
** ★** * * ★ * ***** * * * ** * *** * ***** 
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HPTC 
MPTC 
PTC 
BPTC 



KNSTGKLVSAHALQTMFQLMTPKQMYEHFKGYEYVSHINWNEDKAAA 

KNATGKLVSAHAI^yiWFQLMTPKQMYEHFRGYDYVSHINWN^ 

RNRSGHLRKAQALQSVVQLMTEKEMYDQWQDNYKVTiHLGVTTQEKAAE 

RNSTSA1ASARALQTVVQLMGEREMYEYWADHYKVHQIGWNQEKAAAVLDAWQRKFAAEV 
* * * **** *** * * * * ** * **** * 



i n 

■SB- S 
PS 
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HPTC 
MPTC 
PTC 
BPTC 



HQSVAQNSTQK VLS FTTTTLDD I LKS FS DVS VI RVASGY LLMLAYACLTMLRW- DC 

HQSVAPNSTQK VLPFTTTTLDDI LKS FSDVSVI RVASGY LLMLAYACLTMLRW- DC 

EQLLRKQSRIATNYDIYVFSSAALDDILAKFSHPSALSIVIGVAVTVLYAFCTLLRWRDP 
RKI— TTSGSVSSAYSFYPFSTSTLNDILGKFSEVSLKNIILGYMFMLIYVAVTLIQWRDP 



* * 
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HPTC 
MPTC 
PTC 
BPTC 



HPTC 
MPTC 
PTC 
BPTC 



SKSQGAVGLAGVLLVALSVAAGLGLCSLIGISFNAATTQVLPFLALGVGVDDVFLLAHAF 
SKSQGAVGLAGVLLVALSVAAGLGLCS LI GI S FNAATTQVLPFLALGVGVDDVFLLAHAF 
VRGQSSVGVAGVLLMCFSTAAGLGLSALLGIVFNAASTQVVPFLALGLGVDHIFMLTAAY 
IRSQAGVGIAGVLLLSITVAAGLGFCALLGIPFNASSTQIVPFLALGLGVQDMFLLTHTY 



***** 



****** ** 



S ETGQNKR I PFE DRTGE CLKRTGAS VALTS I SNVTAFFMAALI P I PALRAFS LQAAVVW 
SETGQNKRIPFEDRTGECLKRTGASVALTSISNVTAFFMAALIPIPALRAFSLQAAVVVV 

AESN RREQTKLILKKVGPSILFSACSTAGSFFAAAFIPVPALKVFCLQAAIVMC 

VEQAGD — VPREERTGLVLKKSGLSVLLASLCNVMAFLAAALLPIPAFRVFCLQAAILLL 



* * * * * 
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HPTC 
MPTC 
PTC 
BPTC 



FNFAMVLLIFPAILSMDLYRREDRRLDIFCCFTSPCVSRVIQVEPQAYTDTHDNTRYSPP 
FNFAMVLLI FPAI LSMDLYRREDRRLDI FCCFTS PCVSRVI QVE PQAYTE PHSNTRY S P P 

SNLAAALLVFPAMISLDLRRRTAGRADIFCCCF-PVWKEQPKVAPPVLPLNNNNGR 

FNLGS I LLVFPAMIS LDLRRRSAARADLLCCLM- P ESP LPKKKI PER 



* * * * * 
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HPTC 
MPTC 
PTC 
BPTC 



PP YS SHS FAHETQITMQSTVQLRTE YDPHTHVY YTTAE PRSE I S VQ PVTVTQDT LSCQSP 
PPYTSHSFAHETHITMQSTVQLRTEYDPHTHVYYTTAEPRSEISVQPVTVTQDNLSCQSP 

GARHPKSCNNNRVPLPAQNPLLEQRA 

AKTRKNDKTHRID-TTRQPLDPDVS 
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HPTC 
MPTC 
PTC 
BPTC 



ESTSSTRDLLSQFSDSSLHCLEPPCTKWTLSSFAEKHYAPFLLKPKAKVVVIFLFLGLLG 
ESTSSTRDLLSQFSDSSLHCLEPPCTKWTLSSFAEKHYAPFLLKPKAKVWILLFLGLLG 

DIPGSS HSLASF SIATFAFQHYTPFLMRSWVKFLTVMGFLAALI 

ENVTKT CCL-SV : -SLTKWAKNQYAPFIMRPAVKVTSMLALIAVIL 
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65 



HPTC 
MPTC 
PTC 
BPTC 



VS LYGTTRVRDGLDLTD I VPRETRE YD FIAAQ FKY FS FYNMY I VTQKA- DY PNI QHL LYD 
VSLYGTTRVRDGLDLTDIVPRETREYDFIAAQFKYFSFYNMYIVTQKA-DYPNIQHLLYD 
SSLYASTRLQDGLDIIDLVPKDSNEHKFLDAQTRLFGFYSMYAVTQGNFEYPTQQQLLRD 
TSVWGATKVKDGLDLTDIVPENTDEHEr LSRQEKYFGFYNMYAVTQGNFEYPTNQKLLYE 
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HPTC 
MPTC 
PTC 
BPTC 



3t^^^MLEENKQLPKMWLHYFRDWLQGLQDAFD|^fcrGKIMPNN-yKNGSDDG 
>I^^K r ML£ ENKQ L PQMWLH Y FRDWLQ GLQDAFDi^^^TGR IMPNN- Y KNGS DDG 

DEEYRDC 



LHRS FS^ 
LHKSFSl 

YHDSFVRVPHVIKNDNGGLPDFWLLLFSEWLGNIjQKIFDEEYRDGRLTKECWFPNASSDA 
YHDQFVRI PNI I KNDNGGLTKFWLS LFRDWLLDLQVAFDKE VAS GCI TQE YWCKNAS DE G 
* * ***** ** 



10 



HPTC VIiAYKLLVQTGS RDKP I DI SQLTK-QRLVDADGI I N PS AFY I Y LTAWVS ND PVAY AAS Q A 

MPTC VTiAYKLLVQTGSRDKPIDISQLTK-QRLVDADGI INPSAFY I YLTAWVSNDPVAYAASQA 

PTC I LAY KL I VQT GHVDN P VD KE L VLT - NR L VN S D G 1 1 NQ RAF YNY LS AWATND V FAY GAS Q G 

BPTC IIAYKLMVQTGHVDNPIDKSLITAGHRLVDKDGII 

***** **** * * * *★* ***** **★ **^** b ** ** .***. 
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HPTC 
MPTC 
PTC 
BPTC 



NIRPHRPEWVHDKADYMPETRLRIPAAEPIEYAQFPFYLNGLRDTSDFVEAIEKVRTICS 
NIRPHRPEWVliDKADYMPETRIAIPAAEPIEYAQFPFYIiNGLRI)TSDFV^ElAIEKVRVICN 

KLYPEPRQYFHQPNEY DLKIPKSLPLVYAQMPFYLHGLTDTSQIKTLIGHIRDLSV 

NLKPQPQRWIHSPEDV HLEIKKSSPLIYTQLPFYLSGLSDTDSIKTLIRSVRDLCL 



* **** ** 



3 jj 

g — 3L. 
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HPTC 
MPTC 
PTC 
BPTC 



HPTC 
MPTC 
PTC 
BPTC 



HPTC 
MPTC 
PTC 
BPTC 



HPTC 
MPTC 
PTC 
BPTC 



NYTS LGLS S Y PNGY PFLFWEQY I GLRHWLLLFI SWLACT FLVCAVFLLNFWTAGI I VMV 
hT^TSLGLSSYPNGYPFLFWEQYISLRHWLLLSISVVIACTFLVCAVFLIiNPWTAGIIVMV 
KYEGFGLPNYPSGIPFIFVreQYMTLRSSLTU^IIACV'LIAALVLVSLLLLSVWAAV 
KYEAKGLPNFPSGIPFLFVTCQYLYLRTSLLIiAIACAIiGAVFIAVMVLLLNAWAAVLV^ 
. * . **...*.* * * * . * . . ** . * . * 

LALMTVE LFGMMGLI GI KLS AVPWI LI AS VGI GVE FTVHVALAFLTAI GDKNRRAVLAL 
LALMTVE LFGMMGLI GIKLSAVPVVI LI AS VGIGVEFTVHVAIAPLTA^ 
VLAS LAQI FGAMTLLGI KLSAI PAVI LI LSVGMMLC FNVLI SLGFMTS VGNRQRRVQLSM 
LATLVLQLLGVMALLGVKLSAMPPVLLVLAI GRGVH FTVHLCLGFVTS I GCKRRRAS LAL 



* * * 



r * * * *** 



* * * * * * 



EHMFAPVLDGAVSTLLGVLMLAGSEFDFIVRYFFAVLAILTILGVLNGLVLLPVLLSFFG 
EHMFAPVLDGAVSTLLGVLMLAGSEFDFIVRYFFAVLAILTVLGVLNGLVLLPVLLSFFG 
QMSLGPLVHC^LTSGVAVmLSTSPFEFVIRHFCWLLLVVLCVGACNSLLVFPILLSMVG 
ESVIJ^VVHGALA7\ALAASMLAASEFGFVARLFLRLLLALVFLGLIDGLLFFPIVLSILG 



* * * 



PYPEVSPANGLNRLPTPSPEPPPSWRFAMPPGHTHSGSDSSDSEYSSQTTVSGLSE-EL 
PCPEVSPANGLNRLPTPSPEPPPSWRFAVPPGHTNNGSDSSDSEYSSQTTVSGISE-EL 
PEAELVPLEHPDRISTPSPLPVRSSKRSGKSYWQGSRSSRGSCQKSHHHHHKDLNDPSL 

PAAEVRPIEHPERLSTPSPKCSPIHPRKSSSSSGGGDKSSRTS — KSAPRPC APSL 

* * * ★ **** * * * * 
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HPTC 
MPTC 
PTC 
BPTC 



RH YEAQQGAGGPAHQVI VEATENPV FAHSTWH PE S RH H P P SN P RQQ PHLDS GS L P PGRQ 
RQ YEAQQGAGGPAHQVT VEATENPVFARS TWH PDS RHQP P LT PRQQ PHLDS GS LS PGRQ 
TT I TE E PQSWKS SNSSI QMPNDWT YQ PRE Q — R PAS YAAP P PAY HKAAAQQHHQHQGP FT 
TTITEEPSSWHSSAHSVQSSMQSIWQPEWVETTTYNGSDSASGRSTPTKSSHGGAITT 
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HPTC 
MPTC 
PTC 
BPTC 



GQQPRRDPPREGLWPPLYRPRRDAFEISTEGHSGPSNRARWGPRGARSHNPRNPASTAMG 
GQQPRRDPPREGLRPPPYRPRRDAFEISTEGHSGPSNRDRSGPRGARSHNPRNPTSTAMG 

TPPPPFPTA YPPELQSIWQPEVTVETTHS DS 

TKVTATANIKVEWTPSDRKSRRSYHYYDRRRDRDEDRDRDRERDRDRDRDRDRDRDRDR 
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HPTC 
MPTC 
PTC 
BPTC 



SSVPGYCQPITTVTASASVTVAVHPPPVPGPGRNPRGGLCPGY PETDHGLFEDPHVP 

SSVPSYCQPITTVTASASVTVAVHPP — PGPGRNPRGGPCPGYESYPETDHGVFEDPHVP 

NT TKVTATANIKVELAMP GRAVRS YNFTS 

DR DRERSRERDRRDRYRD ERDHRA SPRENGRDSGHE 
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65 



HPTC 
MPTC 
PTC 
BPTC 



FHVRCERRDSKVEVIELQDVECEERPRGSSSN 
FHVRCE RRDS KVE VI E LQDVECE E R PWGS S S N 



-SDSSRH 
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The identity o other clones recovered from the mc^^library is not 

determined. These cDNAs cross-hybridize with mouse ptc sequence, while differing 
as to their restriction maps. These genes encode a family of proteins related to the 
5 patched protein. Alignment of the human and mouse nucleotide sequences, which 
includes coding and noncoding sequence, reveals 89% identity. 

In accordance with the subject invention, mammalian patched genes, including 
the mouse and human genes, are provided which allow for high level production of 
10 the patched protein, which can serve many purposes. The patched protein may be 
used in a screening for agonists and antagonists, for isolation of its ligand, 
particularly hedgehog, more particularly Sonic hedgehog, and for assaying for the 
U1 transcription of the mRNA ptc. The protein or fragments thereof may be used to 

produce antibodies specific for the protein or specific epitopes of the protein. In 
15 addition, the gene may be employed for investigating embryonic development, by 
screening fetal tissue, preparing transgenic animals to serve as models, and the like. 
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All publications and patent applications cited in this specification are herein 
incorporated by reference as if each individual publication or patent application were 
20 specifically and individually indicated to be incorporated by reference. 

Although the foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity of understanding, it will be readily 
apparent to those of ordinary skill in the art in light of the teachings of this invention 
25 that certain changes and modifications may be made thereto without departing from 
the spirit or scope of the appended claims. 
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